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1

This invention relates to the logging of wells
and is directed particularly to that method of log~
ging in which the well formations are irradiated
by & source of gamma rays, and the varying abil-
ity of these formations to absorb and scatter the
rays is measured.

Out of the various phenomeng associated with
atomic nuclei only two commercial applications
have so far been widely accepted for use in log-
ging wells and similar purposes. The first and
most widely used application of nuclear physics
has been the development of natural radioactiv-
ity logging in which the gamma radiation emit-
ted from well formations, nearly all of which con-
tain differing but extremely small amounts of
radioactive matter, is detected and measured.
The other and more recent application of nuclear
physics has been the neutron logging process in
which the scattering and slowing down of neu-
trons from a source passed through a well is de-
tected and recorded. Aside from these two proc-
esses no other important applications of nuclear
physics have so far been commercially developed
despite the fact that some of them appear to be
capable of ylelding highly useful information.

In particular, it would appear that a log of the
ability of well formations to scatter and absorb
gamma rays from a concentrated source should be
especially useful. However, so far as is known,
all attempts heretofore made to develop commer-
cially this method of logging have resulted in
faflure. Consequently the logging of wells by
gamma-ray scattering and absorption has been
neglected in favor of further improving the nat-
ural radioactivity and the neutron logging proc-
esses, the value of which has been demonstrated.

Heretofore the distinctions between the scat-
tering of neutrons and the scattering of gamma
rays have often not been clearly drawn. In most
instances prior inventors have apparently con-
sidered the similarities more important than the
differences, which attitude has undoubtedly re-
tarded the development of satisfactory methods
of logging by gamma-ray scattering. However,
it should be emphasized that the processes in-
volved in the scattering of gamma rays and of
neutrons are quite different. Because of their
lack of electrical charge neutrons in traversing
matter interact chiefly by elastic collision with the
nuclei of the atoms composing that matter,
whereas the interaction of gamma rays is very
seldom with a nucleus but is almost exclusively
confined to the extra-nuclear electrons of those
atoms.

Well logs of the variations in scattered gamma-
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ray intensity are affected only by the formation
density and the geometry of the source-forma-
tion-detector system, and a system having an un-
varying geometry is affected only by changes in
density. On the other hand, a well log of scat-
tered neutrons is sensitive not only to density and
geometry, but is even more highly sensitive to
the slowing down of fast neutrons by hydrogen
and other light elements. Neutron logs are also
influenced by the cross-sections of the elements
to slow neutrons (. e., the power of the atoms of
various substances to absorb slow neutrons) and
the resonance cross-sections of certain elements
for faster neutrons. Because of the complexity
in compositions of ordinary rocks, and also be-
cause of their varying porosity and hydrogen con-
tent, the interpretation of logs produced by meas-
uring scattered neutrons for the purpose of de-
termining rock densities is so difficult as to be
quite impractical. Being relatively free of such
overlapping effects as these, scattered gamma-
ray logs are interpreted in terms of density with
comparative ease.

Density logs of wells have a number of very
important uses. For example, such logs of test
holes and wells are extremely valuable for cor-
relation purposes. The interpretation of seismo-
graph and gravity meter data is considerably im-
proved by density logs revealing some of the ma-
jor changes in lithology. Since rock densities are
often closely associated with selsmic wave-trans-
mitting properties, it is apparent that a knowl-
edge of the depths at which density changes oc-
cur is highly valuable in predicting where major
reflections should occur in seismic prospecting.
In the interpretation of gravity meter data a
knowledge of the depth and extent of formations
having densities contrasting with neighboring
formations helps in overcoming that lack of depth
resolution which limits the gravimetric prospect-
ing method as used at present. In wells where
from samples or cuttings the lithologic nature of
the formations is known, then the variations in
a density log of these formations may be inter-
preted in terms of porosity values, Another ap-
plication of density logs is in the interpretation

‘of neutron logging in which porous gas sands are

often misinterpreted as non-porous rock due to
the relatively smaller hydrogen concentration
than when the pores are filled with liquid. A
sufficiently accurate indication of density makes
it possible to distinguish such a porous gas sand
from a non-porous rock. Gamma-ray scattering
measurements of density also find application in
locating the top of cement behind a well casing.
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Apparaius for making such logs is aisc useful in
measuring depths in wells by counting casing
icints, and by proper apparatus design variations
in the diameter of an open hole may be indlcated.
Receuse of the fact that a much larger radiation
intensity is available than in natural radioactivity
iogging, logging speeds may be greatly increased
even though & quite small detector is employed.
Among other advantages incident to a detector
of small size are a correspondingly small time
lag and increased resolving power for thin forma-
tions.

It is accordingly a primary object of my inven-
tion to provide an improved method and appa-
ratus for logging walls by the scattering and
absorption of gamma rays. Another object is
to provide a method and apparatus of this type
suitable for use in test holes of small diameter
and for making logs for correlation purposes. A
further object is to provide a method and appa-
ratus for determining formation densitles or
changes in formation densities in wells. A still
further object is to provide a method of gamma-
ray well logging having a depth of investigation
which is small but may be varied to suit differ-
ent well conditions. Still another object is to
provide such a method and apparatus capable
of logging wells and with great speed and ac-
curacy. A still further object is to provide a
method and apparatus of this type having in-
creased sensitivity to changes in formation den-
sity. Still another object is to provide for the
use of a very small source of radiation which is
so inexpensive that it may be abandoned and
need not be recovered at great cost if accidentally
lost.” An even further object is to provide a
method and apparatus capable of locating with

reat accuracy the interfaces between strata of
different density. Another and more specific ob-
ject is to improve the determination of the dip
of strata by measurements in a single well. Other
objects, uses, and advantages of this invention
will become apparent as the description thereof
proceeds.

In general, the observable effect of the inter-
action between gamma rays and the material
through which they pass is & combination of ab-
sorption and scattering by this material. While
these two phenomena are affected chiefly by the
density of the material, the measurement of
them is also affected strongly by the arrange-
ment of the source and detector with respect to
the material. In other words, the sensitivity to
a given change in density varies markedly with
different geometrica] source-detector-object re-
iations. For example, as the perpendicular dis-
tance of a dense from the midpoint of an imag-
inary line connecting a8 source and a detector of
gamma rays Increases, it will be observed that
the portion of the detector response due to scat-
tering increases, while that due to absorption de-
creases. As the total response is a combination
of the two, it will be found that there is one
distance at which a change in density of the ob-
ject produces zero effect at the detector due to
the fact that the increase due to scattering is
exactly offset by the decrease due to absorption.
In other words, this distance is Insensitive for
the purpose of measuring density and must be
avoided. This is the reason why only certain
configurations of source, detector, and well for-
mations are effective for well logging, and the
interpretation of the logs obtained is dependent
on the particular configuration used.

Also important to be kept in mind is the fact
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that the depth of investigation for wi:i forma-
tions, while it varicz somewhat with the average
hardness of the gamma rays, Is in general quite
shallow. In fact, it appears that for gamma
rays of the hardness of those of radium and its
products and for most well formations nearly one-
half of the total effect produced at the detector
comes from the material within about one inch
This means that for effective
density logging of the formations in a wel] both
the source and detector must be kept close to
these formations. Hence there should be no
casing in the hole in which a density log of the
formations is to be made, and it is found that
roughness of the hole wall causes minor vari-
ations. It is observed also that the greatest ser-
sitivity to density changes occurs with close
source-detector spacings, and the Increased sen-
sitivity attained by employing such spacings per-
mits the size of the detector to be reduced. This
closer spacing is preferably achieved by reducing
the thickness of the shielding ordinarily used
between the source and detector for preventing
gamma rays reading the detector directly from
the source without having traversed the well for-
mations. I have found, in fact, that a preferred
arrangement of source and detector is one in
which no shield is used at all, and the source is
mounted directly on the wall of the detector.

These principles and their application in my
invention will be more fully understood by ref-
erence to the accompanying drawings forming a
part of this application for purposes of illustra-
tion. In these drawings, in which the same ref-
erence numeral in different figures refers to the
same or & corresponding part:

Figures 1—A, 1—B, and 1—-C are, respectively,
an arrangement of a source and detector of
gamma radiation with respect to a dense object,
and graphs of the effects produced by varying
certain spacings and distances;

PFigures 2—A, 2—B, and 2-—C are, respectively,
a diagrammatic representation of a source and
detector in a well, and graphs of the effects of
varying the well radius and the spacing of the

_ source and detector;
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Figures 3—A and 5—B are, respectively, a dia-
grammatic representation of the placement of a
source and detector against the wall of g well,

and a graph of the effect produced as the source-
detector spacing is varied;

Figure 4 is a cross section of a well and log-
ging instrument therein embodying certain prin-
ciples of the invention;

Figure 5 is a cross section of a well showing a
mounting of the source and detector alternative
to that of Figure 4;

Figure 6 is a cross section of a well showing an
instrument therein using a plurality of detec-
tors at different spacings;

Figure 7 is a wiring diagram suitable for use
with the instrument of Figure 6;

Figure 8 is a wiring diagram alternative to that
of Figure 7;

Figure 9 is a wiring diagram showing an alter-
nate method of recording the output of the ampli-
flers shown in Figure 8;

Figure 10 is a cross section of part of an alter-
native form of instrument in a well;

Figure 11 is a cross section of Pigure 10 on the
line 1 I—I1;

Figure 12 is a cross section of a well showing

the use of a preferred form of source and detector
therein;
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Figure 13 is a detalled cross section of the pre-
ferred form of source and detector;

Figure 14 is a cross section showing a unit
formed of a pair of the preferred detectors; and

Figure 15 is a cross section of a well showing
suspended therein an instrument for measuring

- the dip of the well formations.

Referring now to Figure 1-—A, assume that a
source of gamma radiation 21 and a detector of
radiation 22 spaced therefrom are surrounded by
a medium of density di. Then if an object 23 of
density da greater than d: is introduced, both the
absorption and the scattering of gamma rays
from source 21 will be increased. Which one pre-
dominates depends on the angle ¢ subtended at
the object 23 by imaginary lines extending re-
spectively to source 21 and detector 22. Stated
differently, whether scattering or absorption pre-
dominates depends both upon the distance of ob-
ject 28 from the line connecting source 21 and
detector 22 and upon the spacing of detector 22
from source 21, As used herein, the term “object
distance” is to be taken as the perpendicular dis-
tance from the mid-point of the source-detector
line, as shown in this figure.

For a fixed source-detector spacing and small
object distances the ionization change, as shown
by Pigure 1—B, is at first a relatively large de-
crease corresponding with the predominance of
absorption. As the distance of object 23 is in-
creased, this decrease diminishes toward zero,
and the total effect finally becomes positive cor-
responding to the predominance of scattering.
At a large distance the effect of this dense object
again approaches zero. The significant features
to be noted are that for this fixed spacing the
smallest object distance produces the largest ef-
fect, and there is one object distance at which
changes of density produce no effect whatever at
the detector.

In Figure 1—C the effect of varying the source-
detector spacing for certain fixed object distances
is shown. Object distance A corresponds with the
closest position of object 23, while D is the far-
thest away from the line connecting source 21 and
detector 22. Here it is evident that the largest
percentage ionization changes due to a given den-
sity increase occur at the smallest object distance
A. Also it may be noted that for each object dis-
tance there is one critical spacing of the source
and detector at which the ionization change be-
comes zero. In general this critical spacing in-
creases with the increase in object distance. In
addition, it will be evident that only for very
small spacings of source and detector do objects
at the distances assumed consistently produce an
ionization Increase; for infermediate and large
spacings the effect of objects at different dis-
tances can be either an increase, a decrease, or
Zero.

The arrangement of source 21 and detector 22
in a well 24 for logging the formation density is
shown in Figure 2—A, If the source-detector
spacing be fixed, then for a given increase of for-
mation density in wells of various radii the
change in ionization produced thereby is shown
in Figure 2—B. For a very small well radius it
is apparent that the effect of absorption predomi-
nates producing a decrease in ionization. For
only a relatively slight increase in well radius this
change becomes zero and then reverses itself be-
coming an increase corresponding to the pre-
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spacing one well radius at which density changes
are undetectable. Obviously it is necessary to
avold this combination of well radius and source~
detector spacing in designing a logging Instru-
ment.

Figure 2—C shows the converse of this arrange-
ment in which the spacing of the source and de-
tector is varied for four fixed well radii. Radius
A corresponds to the smallest well radius, while D
is the largest. It will be apparent that for a very
small source-detector spacing the increase of ion-
{zation accompanying a density increase indicates
that the effect of scattering is larger, whereas for
a large source-detector spacing and the same well
radius absorption predominates. There is a con-
siderable intermediate range of spacings where a
density increase at-one well radius produces a
positive effect while at another it produces a
strongly negative one. Only at quite small spac~
ings is there consistently an increase of ioniza-
tion for all radii shown at the same time there is
reasonable sensitivity to density changes.

Because of the large variations arising from

. different well radii, a source-detector arrange-

ment such as that shown in Figure 3—A is a prac-
tical necessity to successful logging. Here the
effect of varying the well diameter is practically
eliminated by placing the source and detector
against the wall. As shown in Figure 3—B, for a
very small source-detector spacing the ionization
change is a quite large increase corresponding
with large scattering. At a still relatively small
critical spacing this effect becomes zero and then
becomes a decrease, corresponding to the predom-
inance of absorption. It is believed clear that

- when employing a detector 22 of finite length, it
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dominance of scattering. As with Figure 1—B,

it is to be noted here also that the curve crosses
the zero axis, there being thus at this detector

({]

should be placed either so that the entire volume
of the detector is less than the critical spacing at
which this zero occurs, or so that the entire
volume is at a spacing greater than this. If an
elongated detector is used, or if it is so placed
that this zero point occurs within the detector
volume, then its effectiveness is seriously inter-
fered with, since an ionization increase in one
part due to a given density change is partially or
entirely offset by the decrease occcurring simul-
taneously in another part of the detector volume.:

These principles are followed in the design of
the well logging instrument shown in Pigure 4.
Here the source 21 and detector 22, which may
be of any suitable type such as a counter or ioni-
zation chamber, are preferably enclosed within
a sealed, pressure-tight container or housing 25,
which may also house the amplifier and power
supply 26 commonly used with detectors of this
type. - In order to reduce the effect of the scat-
tering from the well fluids surrounding the in-
strument both the source and detector are part-
ly surrounded by lead shielding 27, the source
and detector being placed against one side of
housing 25, which side is pressed firmly against
the wall of well 24 by a spring 28. Only a rela-
tively small thickness of lead shielding 29 is in-
terposed between the source 21 and detector 22.
In this way are assured the close spacings be-
tween the formations and the source and detec-
tor shown above to be highly desirable.

As roughness of the walls of the hole may at
times prevent the instrument from maintaining
the desired close contact therewith, it is often
found preferable o mount the source and detec~-
tor as shown in Figure 5, on an arm 3| which
is pivoted to instrument housing 25 and pressed
against the wall of well 24 by springs 32. Source
21 and detector 22 are placed in the lead block
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33 secured to the end of arm 31 and are slightly
separated by intervening lead shielding as in the
case of Figure 4. With this arrangement the
source and detector can better follow small ir-
regularities of the wall of the hole 24. Detector
22 also is made small for the reason pointed out
in the discussion of Figure 3—B, so that no part
of its volume includes the critical source-detector
spacing at which density changes produce no ef-
fect.

Additional information is obtained by use of
" the arrangement shown in Figure 6 in which,
in addition to the source 21 and detector 22 at
the short spacing, a second detector 35 is used.
This second detector is spaced from source 2
so that its entire volume is outside of the critical
source-detector spacing shown in Figure 3—B.
Lead blocks 36 of varying thickness may be used
both to cut off direct radiation from source 21
and to reduce absorption and scattering in the
bore hole fluids. A certain amount of control of
the depth of investigation may be attained by
choice of the thickness of the block 37 thereby
changing the spacing of detector 35, since the
larger this spacing is made, the greater is the
amount of formation which has been traversed
by those rays from source 2{ which reach detec-
tor 35. This instrument is similarly pressed
against the wall of the well 24 by spring 28, there
being no shielding other than that of the instru-
ment case between the detectors and the forma-
tion. It should be noted also that with this ar-
rangement there is an increased sensitivity to
changes in density for the reason that when one
detector undergoes an increase the other receives
a decreased amount of radiation and vice versa,
and combining the two outputs to produce a sin-
gle indication tends to increase accuracy by
smoothing out random fluctuations.

Of many suitable circuits it will be found con-
venient to connect these two detectors in two
adjacent arms of a bridge circuit such as that
shown in Figure 7, in which resistors 40 and 41
make up the other two arms of the bridge. The
bridge potential is supplied by a battery 42 or
other suitable source connected across one diag-
onal of the bridge. The unbalance output volt-
age of the bridge appearing across the other di-
azonal is amplified by an amplifier 43 and trans-
mitted over insulated cable 44 to the surface of
the ground, where the signal may be further am-
plified if necessary by an amplifier 45 and re-
corded by a pen or other recorder 46 on a moving
chart 41 in a fashion well known in well logging.
It will be seen that this arrangement produces
only a single trace which varies with the density
of the well formations. An important advantage
of the circuit is that only the changes in ioniza-
tion will unbalance the bridge, any background
current in the detectors being balanced out ini-
tially.

For some purposes it may be preferable to em-
ploy a circuit like that of Figure 8, in which the
output of each detector is separately amplified
as by means of vacuum tubes 50 and 51, and the
two resulting signals are transmitted to the sur-
face over separate insulated conductors 52 and
53. After amplification by amplifiers 54 and 58
at the surface the output of detectors 22 and 38
may be recorded on the chart 47 by separate
recording devices 56 and 51. The record so pro-
duced is useful when, for any reason, it is desired
to have logs corresponding to two somewhat dif-
ferent depths of penetration.

In still other cases it may be preferred to re-
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cord the output of amplifiers 54 and 83 as a ratio
rather than as separate traces. This may be
done as shown in Figure 9 by impressing on the
crossed coils 60 and &1, in the field of a magnet
$2, the respective outputs of amplifiers 54 and 585.
This arrangement, it will be recognized, corre-
sponds to a recording ratiometer, and the trace
so recorded is a partially sensitive indicator of
density changes due to the fact that the output
of one detector always shifts in the opposite di-
rection to the other. It will be apparent that a
single amplifler channel and recorder circuit such
as Is used in the bridge circuit of Figure 7 may
be adapted for use with a single detector unit
such as is illustrated in Figures 4 and 5.

In Figures 10 and 11 I have shown an arrange-
ment of source and detector in which the sensi-
tivity to changes of formation density is much
greater than the previous embodiments where the
source and detector are separated by shielding
material. Here a very close source-detector spac-
ing is obtained by entirely omitting all shielding
material and placing source 2| practically in con-
tact with detector 22. Both are surrounded by
the lead block 27 to reduce scattering from the
bore hole fluids. As shown by Figure 11 the out-
side of instrument case 2§ is rounded to conform
to the shape of the hole in order to exclude as
much fluid as possible from the volume investi-
gated by this source and detector arrangement.
Lead shield 27 is cut away so as to leave the space
between detector 22 and the formation imme-
diately outside the rounded portion of the instru-
ment case 25 open for transmission of scattered
gamma rays. Although not previously men-
tioned, all the various source-detector assemblies
described herein, whether enclosed within a
housing or mounted on an arm should be shaped
in this manner to make as close contact as pos-
sible with the formation to be logged. In the
present embodiment the dimensions of detector
22 may be made quite small because of the large
effect of formation density variations at this close
spacing. Although the gamma rays transmitted
directly from source 21 to detector 22 will con-
stitute the major portion of the gamma rays de-
tected, these will produce a constant reading and
may be subtracted or balanced out, leaving only
the variations arising from the changing forma-
tion density to be recorded. One method of ac-
complishing this is to make detector 22 one arm
of a bridge circuit similar to that of Figure 7, the
other three arms being fixed or adjustable re-
sistances.

In Figure 12 is shown a preferred form of
source and small detector unit 70 which is even
more sensitive to density variations than the
embodiment just described. As shown in more
detail by Pigure 13 this small detector consists
of an lonization chamber having concentric cy-
lindrical electrodes T1 and 12 and filled to a high
pressure with a suitable Inert gas such as argon.
By the term ‘“small” is meant less than a few
cubic inches filled with gas in which jonjzation
is produced. If a counter-type detector is em-
ployed, the size can be even much smaller than
one cubic inch, for units have been designed
and used in radiation therapy that are exceed-
ingly minute. The connection to the electrode 12
is by means of an insulated wire 13 brought in
through a fluid-tight packing 74. The source 21
of gamma rays is contained in an indentation 15
on the side of the ionization chamber facing the
wall of the well. Except for the portion in con-
tact with the formations, this source and detector
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unit is surrounded by a lead shield 76, and the
entire assembly is pressed against the wall of the
well by springs 11, The insulated lead 73 con-
nects the detector with the power supply and
amplifier 28 in the instrument casing 28, to which
springs 17 are attached by a flexible linkage so
as to permit free movement of the detector unit
10 in adapting itself to the wall of the hole. Fluc-
tuations due to roughness of the hole wall are re-
duced by slightly rounding or pointing the por-
tion of the source-detector unit pressed against
it. It will be apparent that this arrangement is
capable of very closely following the outline of
the hole and will be quite sensitive to density
changes, since the effective spacings between the
source and the detector and the formations are
all about as small as can be achieved.

Figure 14 shows a unit consisting of two de-
tectors 80 and 81, each with a separate source
82 and 83, respectively. This is especially suited
to locating the Interfaces between formations of
different density. Preferably these two detectors
are connected in a differential or bridge circuit
like that of Figure 7, which is balanced when the
formation density opposite both detectors is the
same and unbalanced only when the formation
opposite one is different from that opposite the
other of the detectors. Because of the very small
size and close spacing of these detectors, together
with their great sensitivity to density changes,
the interfaces between formations even of very
small difference in density are easily and ac-
curately located.

In Figure 15 I have shown how these preferred
source-detector units may be adapted to the de-
termination of dip in one well. In this case three
such units 90, 94, 92 would be placed on spring
arms 93, 94, 95 and spaced 120° apart around a
circumference of the hole. The instrument case
25, to which springs 93, 94, 95 are attached, would
be held in the center of the well by these springs
and by another set of centralizing springs 96, 87,
98. In addition to the usual power supply and
amplifiers for detectors 90, 81, 92 housing 25
would also include means well known in the art
for determining the inclination of well 24 and
the orientation of the detectors. Such means
are shown, for example, in U. S. Patent 2,176,169
to H. G. Doll. From the small differences in
depth at which the various detectors 90, 91, 92
pass an interface as the instrument is moved
through the well, as determined from the three
separately recorded logs, the dip of formations
can be readily computed. Because of their small
size these source-detector units are far superior
to any other type of known radio-activity or neu-
tron logging instrument for locating these inter~
faces. In other words, if an ordinary radioact-
ivity detector were made small enough to pass
entirely from one formation to the next one ad-
jacent in a very small vertical distance, its sensi-
tivity would be so small that obtaining readings
would be very difficult and would require a very
long period of time. Because of the very much
larger signal received by this scattered gamma-
ray detector, the time required for it to respond
to density changes is not great even though the
volume of the detector is quite small, It is be-
lieved apparent from the foregoing description
that the type of differential interface locating
unit shown in Figure 14 could be used in place
of the single detectors 80, 91, 92 for locating in-
terfaces directly, rather than indirectly as in
Pigure 15.

It will be apparent that in this invention I
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have provided source and detector arrangements
for gamma-ray well logging which possess num-
erous advantages over those previously tried
without success. This invention has taken ad-
vantage of the fact that the depth of investiga-
tion of scattered gamma rays is very shallow, and
for that reason is particularly adapted to the type
of logging herein set forth., As numerous modi-
fications and variations of this method and ap-
paratus will occur to those skilled in the art, it is
to be understood that the invention is not limited
to the exact details of the apparatus described,
but is to be defined by the scope of the following
claims. .

I claim: .

1. The method of gamma ray well logging com-
prising the steps of passing through a well s
source and a detector of gamma rays, said source
and detector being substantially in contact with
each other, maintaining said source and detector
substantially in contact with the formations ex-
posed by said well, and indicating the response of
sald detector as a function of depth in said well.

2. Apparatus for logging wells comprising a’
source and a detector of gamma rays adapted to
be passed through a well, said detector being
spaced from said source by a small distance which
is less than the distance at which formation den-
sity variations in said well produce zero response
at said detector when said source and detector are
substantially in contact with the formation,
means for forcing said source and detector sub-
stantially into contact with the formations ex-
posed by said well, and means for indicating the
response of said detector as a function of depth
in said well. '

3. Apparatus for logging wells comprising a
source and two detectors of gamma rays adapted
to be passed through a well, said detectors hav-
ing substantially similar frequency responses,
one of said detectors being spaced from said
source by a small distance which is less and the
other by a distance greater than the distance at
which formation density variations in said well
produce zero response at a detector when said
source and detectors are substantially in contact
with the formation, means for forcing said source
and detectors substantially into contact with the
formations exposed by said well, and means for
indicating the outputs of said detectors as a func-
tion of depth in said well.

4. Apparatus for logging wells according to
claim 3 in which said indicating means produces
the ratio of the outputs of said detectors as a
function of depth in said well.

5. Apparatus for logging wells comprising a
source and two detectors of gamma rays adapted
to be passed through a well, sald detectors hav-
ing substantially similar frequency responses,
one of said detectors being spaced from said source
by a small distance which is less and the other
by a distance greater than the distance at which
formation density changes in said well produce
zero response at a detector when said source and
detectors are substantially in contact with said
formation, and each of said detectors being in-
cluded in the adjacent arms of an electrical bridge
circuit, means for maintaining said source and
detectors substantially in contact with the for-
mations exposed by said well, and means for in-
dicating the output of sald bridge circuit as a
function of depth in sald well.

6. Apparatus for logging wells comprising a
source and a detector of gamma rays adapted to

" be passed through a well, means for maintain-
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ing one wall of said detector in contact with the
formations exposed by sald well, sald source be-
ing mounted {n sald wall and substantially in
contact with both said formations and said de-
tector, and means for indicating the response
of sald detector as a function of depth in said well.

7. Apparatus for logging wells comprising a

pair of vertically spaced gamma ray detectors
adapted to be passed through a well, means for
maintaining a wall of each of sald detectors in
contact with the formations exposed by sald well,
a source of gamma rays in said wall of each de-
tector substantially in contact with both sald de-
tector and said formations, and means for Indi-
cating the difference in the response of sald de-
tectors as a function of depth In said well.

8. Apparatus for logging wells comprising at
least three gamma ray detectors adapted to be
passed through a well and spaced in different
azimuthal positions around a circumference of
sald well, means for maintaining a wall of each
of said detectors in close contact with the for-
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mations exposed by sald well, a source of gamma
rays in said wall of each detector substantially
in contact with both sald formations and said
detector, means for determining the azimuthal
orientation of each of said detectors with respect
to a given direction, and means for indicating the
response of each of said detectors as a function
of depth in sald well.

WILLIAM 1. RUSSELL.
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